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In th is paper we present a detailed anatomical analysis of fruit development in 8equaertiodendron 
magalismontanum (Sond.) Heine & J.H. Hemsl. and attempt to place the growth patterns observed into an 
ecological and evolutionary context. It is suggested that resources allocated to fruits and seeds are 
redistributed within the developing fruit to produce large embryos in single-seeded berries as part of an 
economic strategy that would have selective advantage in seasonal environments. 
In hierdie artikel word die resultate wat verkry is gedurende 'n gedetailleerde anatomiese studie van 
ontwikkelende vrugte van 8equaertiodendron magalismontanum (Sond.) Heine & J.H. Hemsl. beskryf. Daar 
word gepoog om die groeipatrone wat ontwikkelende vrugte vertoon, in 'n ekologiese en evolusionere ver-
band te plaas. Daar word voorgestel dat hulpbronreserwes wat vir vrugte en sade bedoel is, in die vrugte 
herversprei word om groot embrio's in enkelsadige bessies te bewerkstellig as deel van 'n ekonomiese voort-
plantingstrategie wat selektiewe waarde in seisoenale omgewings mag he. 
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Introduction 
Megaspermous (large-seeded), edible and fleshy berries are 
costly expenditures for woody perennials (Sutherland 1986). 
Such fruits are produced by nearly all representatives of the 
Sapotaceae (Baehni 1965; Comer 1954; Engler 1890), a 
family of trees and shrubs that comprises 63 genera (Baehni 
1965) with 500 - 600 species. Although all members of the 
family inhabit humid tropical environments (Kupicha 1983), 
a few species extend into sub-tropical or semi-arid regions 
(Meeuse 1963). Bequaertiodendron magalismontanum 
(Sond.) Heine & J.H. Hemsi. is one such species. Numerous 
taxonomic studies have resulted not only in a wealth of 
names for representatives of B. magalismontanum sensu lato 
(Heine & Hemsley 1960; Liben 1989), but have stressed its 
widespread occurrence in Africa, extreme vegetative and 
sexual diversity and exceptional adaptability to different 
ecological habitats. In West and Central Africa, eight 
species, belonging to three genera, have recently been 
segregated from B. magalismontanum (Liben 1989). Despite 
these numerous investigations, however, the reproductive 
strategies of this remarkably successful evolutionary line in 
the Sapotaceae remain poorly known. 
Successful adaptation of a plant to a range of environ-
ments requires sufficient genetic variability to solve 
problems related not only to adult survivorship, but to seed 
development, seed dispersal and seedling establishment as 
well (Stebbins 1974). During an extensive study of floml 
morphology and reproductive biology in southern African 
populations of B. magalismontanum, Steyn and Robbertse 
(1988, 1990a, 1990b) reported on labile sex expression, 
morphological gynodioecy and functional dioecy and sug-
gested that this breeding system could have been instru-
mental in the wide distribution and extreme adaptability of 
the taxon. While ensuring out-crossing, functional dioecy 
involves a strong element of economy that should have 
selective advantage in unfavourable environments. It allows 
for the partitioning of resources needed for reproduction 
(and the sharing of costs) between functional males and 
females in the population. Likewise, the recently described 
compitum in the flowers of this species (Steyn et al. 1991) 
may contribute towards more effective cross-fertilization by 
eliminating less vigorous or poorly functioning pollen tubes 
at little economic cost (Mulcahy 1979) to the individuals. In 
addition, the single, bifurcate trichomes that form part of the 
compitum and probably represent ancestral, multitrichomal 
obtumtors, require few resources. As part of an economic 
strategy, these structures may have been reduced to the bare 
essentials in southern African populations, now struggling 
for survival at the southern extreme of the species's range. 
Very little information is available on seed and fruit char-
acteristics in the extensive literature on B. magalismontanum 
sensu lato. To augment the meagre data a developmental 
anatomical study of fruit growth patterns was undertaken 
and the tissues that require resources in pre- and post-
fertilization stages were examined. This revealed that, unlike 
some members of the species complex from tropical Africa 
(Engler 1914), most individuals of B. magalismontanum in 
southern Africa have fruits with a single seed. We propose 
that in the harsh environment that this species occupies in 
southern Africa, there has been selection for plants with a 
single, large-seeded fruit. The purpose of this study was to 
document the anatomical changes that occur during the 
course of fruit development in B. magalismontanum and to 
determine which of these changes can be directly linked to 
selection for a single- rather than multiple-seeded fruit. 
Materials and Methods 
Fruit-set is extremely low (56 fruits per 1000 flowers) in 
functional male plants of B. magalismontanum (Steyn & 
Robbertse 1990a). Therefore, three female plants whose 
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fruit-to-flower ratios were known from a previous study to 
be more than 140 fruits per 1000 flowers (Steyn & Robbert-
se 1990a), were selected for this study. During three con-
secutive days at the beginning of September 1988, one 
thousand freshly opened flowers were tagged individually 
on plants that were in full bloom. At weekly intervals, ten 
randomly chosen fruits, developing from the tagged flowers 
on the three trees, were collected, measured, weighed and 
then dissected if required. Young fruits and sections of large 
fruits were fixed and stored in a long-termed fixative for 
light microscopical studies (Collins & MacNicol 1978). In 
order to improve the fixation of tannin-containing tissues, 
0.5% caffeine was added, following the procedures of 
Mueller and Greenwood (1977), to the phosphate-buffered, 
5% para formaldehyde solution. Transverse and longitudinal 
glycolmethacrylate serial sections were obtained from 
different stages of developing fruits and stained as described 
previously (Steyn et al. 1991). Micrographs depicting 
structure and number of pericarp and testa layers represent 
median transverse and median longitudinal sections of the 
dorsal side of fruits. Diagrams were drawn with the aid of a 
Wild M3Z dissecting microscope or a Leitz-Wetzlar micro-
scope, both fitted with drawing tubes . 
Terms used to indicate abundance and frequency are 
based on the work by Schmid (1982) and seed coat termi-
nologyon his later work (Schmid 1986). 
Results 
Fruit development 
Post-fertilization development of the megaspermous, single-
seeded berries of B. magalismontanum is depicted diagram-
matically (Figure 1) and graphically (Figure 2). Expressed 
on a cumulative basis, the growth data portray three double 
signoid curves. To prevent excessive cluttering, upper and 
lower limits of the standard deviation (s) were omitted in the 
growth curve representing diameter increase (Figure 2). 
During the third week after anthesis (hereafter referred to 
only as weeks) the young fruits started to lengthen, but 
increases in diameter and mass could not be detected before 
the fourth and fifth weeks, respectively. During the fourth 
week, the dry corolla tubes that had surrounded the fruits 
during the first three weeks, abscised and the apical parts of 
the elongating fruits appeared above the persistent calyces 
(Figures lA and IB). Initially, elongation was slow, but it 
speeded up rapidly after the fourth week (Figures lC-F), 
resulting in a steep incline in this growth curve (Figure 2). 
Increases in mass and diameter showed similar trends after 
the fifth and sixth weeks, respectively. Between nine and 
eleven weeks, the rate at which fruit length, diameter and 
mass increased, decreased. When these plateaus in the 
growth curves were reached, the fruits were glabrous and 
light green. During the second, but shorter, incline in the 
growth curves, the fruits started to ripen. At fourteen weeks 
the dark-red berries had attained their final length (3.03 :t 
0.192 cm, N = 10) and diameter (2.17 :t 0.13 cm, N = 10). 
Although mean fruit mass also started to increase sharply 
after the eleventh week, it had not reached a plateau by the 
fifteenth week when the ripe fruits were harvested to 
prevent consumation by frugivores . 
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Figure 1 Diagrammatic depiction of fruit growth, megaspermy, 
single-seededness and dorsiventral fruit symmetry in Bequaertio-
dendron magalisrrwntanum. Numbers next to figures represent age 
of fruits in weeks after anthesis. a, lateral vascular bundle; b, 
ovulode-containing locule; c, seed-containing locule; d, ventral 
vascular bundle; e, embryo; f, vascular bundle of testa; g, persist-
ent style; h, persistent calyx; i, longitudinal ventral ridge. Scale 
bar,5 mm. 
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Figure 2 Cumulative growth curves of diameter, length and 
mass versus time exhibited by developing Bequaertiodendron 
magaiisrrwntanum fruits . 
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Developmental structure of fruits 
The berries develop from actinomorphic, eusyncarpous, 
usually tetra- or pentameric gynoecia (pistils) with uni-
ovulate locules and axile placentas. Ovules are completely 
sessile, anatropous, tenuinucellate and unitegmic (Figure 3), 
each filling the entire space within the locule. The small 
embryo sac lies in the inwardly (i.e. towards the axile 
placenta) curved micropylar region of the ovule. Because 
the nucellar tissue lining the apical and lateral walls of the 
embryo sac disintegrates, these walls border the inner 
integumentary epidermis. The epidermal cells have promi-
nent nuclei, elongate perpendicularly to the embryo sac 
before dividing periclinally and form a multiseriate layer of 
cells bordering the embryo sac. The chalazal part of the 
embryo sac is surrounded by the remains of the nucellus that 
forms a minute part of the ovule (Figure 3). At the onset of 
fruit development, the young developing embryo is therefore 
protected by a massive testa, a multi-layered pericarp, dry 
coralla tubes and persistent calyces that may be the result of 
selection to minimize predispersal seed predation. 
Development of the seed 
Of the 150 fruits collected randomly from the three trees 
with tagged flowers, none contained more than one develop-
ing seed, but during field work two-seeded fruits were 
occasionally and three- to five-seeded fruits rarely found on 
very prolific female plants. One- to three-week-old seeds 
had embryo sacs with degenerating contents and in three of 
the thirty seeds examined, zygotes (Figure 4) and secondary 
endosperm nuclei that had not yet started to devide, occur-
red. In these three developing seeds the testa comprised an 
outer, uniseriate, tanniniferous epidermis that had started to 
divide periclinally (Figure 4), approximately twelve paren-
chymatous mesophylliayers (Schmid 1986) and a multiseri-
ate, inner epidermis that had the features of an endothelium 
(Bounan 1984). Such a layer has been reported for some 
members of the Sapotaceae (Murthy 1941). Numerous 
vascular bundles had started to develop directly underneath 
the outer epidermis, while the innermost layers of the paren-
chymatous mesophyll consisted of tangentially elongated 
cells (Figure 4). 
At the end of the fourth week the proembryo consisted of 
four to five superimposed cell layers, only a few free 
endosperm nuclei had been formed in the small embryo sac 
and the endothelium cells were disintegrating (Figure 5). 
Five-week-old seeds contained embryos with large cotyle-
dons, imbedded in cellular endosperm (Figure 6), that filled 
the enlarged embryo sac. The tangentially elongated, paren-
chymatous layers were disintegrating, while numerous 
transverse divisions (Figure 6) occurred in the remaining 
mesophyll cells bordering these disintegrating layers. The 
vascular bundles that had increased considerably in size, 
were now covered externally by a few layers of thin-walled, 
tanniniferous cells of epidermal origin (compare Figures 4 
and 6). In surface view of unstained seeds, dissected from 
five-week-old fruits, the vascular bundles of the testa could 
be seen through the thin-walled epidermal layers. The large 
ventral vascular bundle (ventral carpel trace), after entering 
the seed in the chalazal part of the linear hilum (Figures 
ID-F), divided into several bundles that continued down-
wards towards the micropyle (not shown). 
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After the sixth week, the massive cotyledons of the 
embryo lie loose in the central vacuole of the embryo sac 
and are therefore not shown in micrographs of advanced 
seed stages (Figures lE-G). The cotyledons filled the 
embryo sac, but were separated from the testa by a thin, 
peripheral layer of endosperm tissue (Figures 7 and 8). 
While the deterioration of the parenchymatous mesophyll 
cells between the embryo sac and the vascular bundles 
continued, the cell walls of the now multiseriate outer 
epidermis started to thicken (Figure 7). At thirteen weeks 
(Figure 8), the mature testa of the exotestal, multiplicative 
seed comprised a multiseriate, sclerified epidermis and 
approximately twelve layers of thin-walled parenchyma that 
contained the vascular tissue in a position very close to the 
endosperm cells (Figure 8). When the embryo was removed 
from the seed, an extensive network of vascular tissue was 
visible through the inner parenchyma of the testa (Figure 
IG). 
Establishment of dorsiventrality 
Development of a single, large seed in one locule of an 
actinomorphic ovary causes a complete shift from actino-
morphy to zygomorphy in the gynoecia during the early 
stages of fruit growth (Figures IB and lC). The ovulode-
bearing (suppressed) carpels do not abort, but become 
incorporated into the ventral side, while the seed-bearing 
(dominant) carpel forms the dorsal side of the pericarp 
(Figures lA-G). Asymmetrical fruit growth does not result, 
i.e. the persistent style is kept in a top central position 
directly above the calyx during all developmental stages, as 
the ventral and dorsal sides of the fruit remain of equal 
length. The suppressed carpels are distinguishable 
externally, as ridges that run longitudinally along the ventral 
side of the fruit and internally, as small slits. These slits 
represent the locules that keep pace with the elongation of 
the seed-containing locule (Figures ID-G), possibly because 
the uniseriate, periclinally dividing endocarp layer that lines 
the locules is continuous through the compital space (Steyn 
et al. 1991). Outside the slits, the pericarp of the ridges 
(ventral pericarp) has the same structure as the pericarp 
covering the seed on the dorsal side. 
Development of the pericarp 
During the first four weeks the growing seed is covered on 
the dorsal side by the following pericarp layers (Figures 9 
and 10): 
- A uniseriate exocarp consisting of numerous, unicellular, 
bifurcate, thick-walled trichomes and small, radially 
elongated, thin-walled, densely protoplasmic cells. The 
trichomes are implanted among the thin-walled cells and 
the long, intertwining arms of the trichomes form a thick 
indumentum that protects the thin-walled cells. 
- A multilayered, parenchymatous mesocarp comprising a 
uniseriate hypodermis of small, rectangular cells with 
large tannin-filled vacuoles and twelve to fifteen layers of 
parenchyma. A ring of small, lateral vascular bundles is 
imbedded in the central zone of the parenchyma that also 
contains sparsely distributed latiferous ducts and numer-
ous, tannin-containing ideoblasts. These dark-staining 
cells are dispersed throughout the mesocarp, but also 
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Figures 3-6 Seed development in Bequaerliodendron magalismonlanum. 3. Micropylar part of mature, unitegmic ovule with minute 
nucellus. 4. Dorsal side of three-week-old fruit in median transverse section. 5. Embryo sac at four weeks in median longitudinal sec-
tion of seed. 6. Part of seed at five weeks in median longitudinal section. f, vascular bundle; j, endothelium; k, micropyle; 1, nucellus; 
m, single integument; n, peric1inal divisions in outer epidermis; 0, embryo sac; oz, zygote; ov, embryo sac wall; p, endosperm; q, multi-
seriate epidermis; r, embryo. Scale bars, 50 Il-m. 
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Figures 7 and 8 Anatomical structure of testa in advanced seed stages. 7. Dorsal view of testa at ten weeks in median transverse 
section, illustrating multiseriate epidermis and peripheral endosperm layer adhering to disintegrating middle parenchyma. 8. Mature testa 
at thirteen weeks in section comparable to Figure 7. f, vascular bundle; p, peripheral endosperm layer; q, multiseriate epidermis. Scale 
bars, 50 j.Lm. 
Figures 9-11 Initial stages of pericarp development in Bequaerliodendron magalismonlanum as seen in dorsal view of median trans-
verse sections. 9. Pericarp of three-week-old fruit with periclinal divisions in outer and inner mesocarp layers. Scale bar, 10 j.Lm. 
10. Pericarp structure of four-week-old fruit. Scale bar, 50 j.Lm. 11. Pericarp structure of five-week-old fruit. Scale bar, 50 j.Lm. Note 
increase in radial diameter since previous week (Figure 10), and numerous, large latiferous canals and anticlinal divisions. a, lateral vas-
cular bundle; n, peric1inal division; ne, anticlinal division; se, thin-walled exocarp cells; st, thick-walled trichome; 1, hypodermis; u, endo-
carp; v, latiferous canal; w, tannin-containing ideoblast; x, mesocarp. 
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form an almost continuous cell layer underneath the 
endocarp. 
- A uniseriate endocarp of tangentially elongated, thin-
walled, tanniniferous cells. 
While the exocarp and endocarp remain uniseriate 
throughout the fifteen weeks of pericarp development, the 
number of mesocarp layers increases steadily from the 
fourth to eighth week, until approximately fifty cell layers 
have been formed by periclinal divisions of parenchymatous 
cells (cells of vascular bundles not included). Initially, it is 
the cells underneath the exo- and endocarp that divide 
periclinally (Figure 9). A tiered cell arrangement is 
prevented by the early differentiation of numerous, large 
latex canals and their epithelial cells that originate from 
adjacent, parenchymatous mesophyll cells, the addition of 
new vascular bundles to the existing vascular tissue and 
dilating anticlinal divisions in all cell layers of the pericarp 
(Figures 11 and 12). 
Between eight and ten weeks (Figure 13) the constituting 
tissues of the pericarp start to mature and no more cell 
layers are added to the mesocarp. Vacuoles develop in the 
densely cytoplasmic exocarp and endocarp cells and the 
protective trichome covering is discarded after cutinization 
of the outer tangential walls of the exocarp. The hypodermal 
layer can no longer be distinguished from the adjacent 
mesocarp tissue. The cell walls of the endocarp and a few 
adjacent cell layers thicken. All cells begin to stretch 
tangentially and intercellular spaces develop. The mesocarp 
cells between the outer epidermis and the vascular bundles 
undergo dilating, anticlinal divisions (Figures 13 and 14). 
From the eleventh week onwards, pericarp structure is 
characterized by the pronounced radial elongation of 
mesocarp cells inside the vascular ring and the disappear-
ance of tanniniferous substances from cell vacuoles. At 
thirteen weeks (Figure 14), the cells adjacent to the thick-
walled, innermost mesocarp layers are radially orientated, 
but nearer to the vascular bundles cell orientation is oblique. 
The cells of the outer peri carp layers have the same width as 
corresponding cells of eight-week-old fruits (compare Fig-
ures 13 and 14), but have kept pace with diameter increase 
of the growing seed as well as the internal peri carp layers by 
the enlargement of the above-mentioned intercellular spaces 
and the continuation of anticlinal divisions. To keep pace 
with fruit elongation, the cells in all cell layers divide 
transversely (not illustrated). Even at this final stage of fruit 
development, all parenchymatous pericarp cells have nuclei. 
Discussion 
Southern African representatives of B. magalismontanum 
start flowering profusely in September and fruits mature in 
December to January, as has been reported for tropical rep-
resentatives of the species sensu lato (Engler 1914). It there-
fore seems possible that flowering date in this species is 
genetically determined, like in many other species (Schmitt 
1983 and references therein). Sporadical flowering or a 
second flowering period that starts six months later, as has 
been reported for Mimusops elengi L. (Bhatnagar & Gupta 
1970), does not occur. From early spring until midsummer, 
available resources must be allocated between the compet-
ing functions (Charlesworth 1989) of (i) vegetative growth 
and survival of the evergreen, perennial aerial shoots, and 
(ii) flower and fruit production. 
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The post-fertilizational growth period of the fruit takes 
fifteen weeks, a period of average length for the develop-
ment of fleshy fruits (Coombe 1976). During this period, 
nutrients are constantly supplied to the growing seed by an 
extensive, ever increasing vascular system, initiated in the 
sub-epidermal layers of the very young testa. Although the 
embryo has no direct vascular connection with the parent 
plant, nutrition probably occurs by diffusion (Murray 1988) 
from the elaborate network of vascular bundles, through the 
constantly decreasing inner layers of parenchymatous meso-
phyll, to the embryo sac. 
A condition almost universal in angiosperms is the forma-
tion of a considerable amount of endosperm before zygotic 
division and embryogenesis begins (Stebbins 1974: 307). 
More than a thousand free endosperm nuclei have been 
reported for Mimusops elengi L. (Bhatnagar & Gupta 1970). 
In B. magalismontanum little investment is made in the 
formation of this costly tissue that is generally considered to 
have a nutritive function in supporting the growth of the 
developing embryo (Sedgley & Griffen 1989). In four-week-
old fruits only a few endosperm nuclei are present when the 
proembryo has reached an advanced, five-layered stage. At 
five weeks, cellular endosperm does result, but the tissue is 
substantially degraded by the sixth week, when the cotyle-
dons fill the entire embryo sac. Extensive endosperm forma-
tion seems to be unnecessary, because the meagre, but ever 
present, endosperm layer probably merely serves as a trans-
locating tissue (Sedgley & Griffen 1989) between the 
embryo and the testa. The embryo itself provides the main 
repository (Murray 1988) for large amounts of reserves in 
its massive cotyledons where such nutrients are easily 
accessible during germination (Stebbins 1974). 
The fleshy pericarp receives nutrients throughout its orga-
nizational period of fifteen weeks. During the first sigmoid 
phases of the growth curves, the peri carp develops as a 
protection unit against desiccation and premature predation 
of the tender, growing tissues of the embryo. The number of 
mesocarp cell layers increases steadily by periclinal 
divisions and becomes constant at ten weeks after anthesis. 
After this stage, anticlinal and transverse divisions occur in 
the outer mesocarp layers, keeping pace with diameter 
increase and elongation of the fruit. During the first six 
weeks, a thick coating of thick-walled, bifurcate trichones is 
maintained to protect the meristematic, periclinally dividing 
cells of the uniseriate exocarp. Repellent substances, 
consisting of tannins and latex, are synthesized in con-
tinuously increasing numbers of idioblasts throughout the 
mesocarp. The second sigmoid phase of each growth curve 
represents the development of the pericarp as a dispersal 
unit. From the eleventh week onwards, it requires nutrients 
for extensive cell enlargement and the synthesis of sugars 
and colouring substances to attract dispersal agents. 
It is the developmental modification of structures within 
the developing fruit that allows the redistribution of 
resources in order to obtain the evolutionary object of a 
single large seed. Seeds originate from anatropous, com-
pletely sessile, solitary ovules that fill the entire space 
within the locules. These characteristics s(!Cm to provide an 
economic growth pattern and efficient distribution of mature 
tissues (Stebbins 1974: 305). During megasporogenesis the 
nucellar tissue of the tenuinucellate, unitegmic ovule is 
completely absorbed and the embryo sac lies against the 
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Figures 12-14 Pericarp development of more advanced fruit stages as seen in dorsal view of median transverse sections. 12. Pericarp 
structure of six-week-old fruit. Note increase in radial diameter since previous weeks (Figures 10 and 11). 13, 14. Structure of external 
and internal layers of pericarp at eight and thirteen weeks, respectively. n, periclinal division; ne, anticlinal division; se, exocarp cell; 
1, hypodermis; u, endocarp; e, epithelial cell. Scale bars, 50 j..l.m. 
endothelium. 'Superfluous' tissues, e.g. extra ovules per 
locule, a funiculus, an inner integument or nucellar tissue, 
that would require nutrients, are either not part of the basic, 
structural design of the fruit and seed or are absorbed during 
an early developmental stage. In the developing seed it is 
only the embryo and its vascular supply that increase in size, 
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all intelVening tissues, except the meagre endosperm layer, 
disintegrate. 
Fruits originate from actinomorphic, superior, eusyncarp-
ous and, usually, tetra- to pentameric gynoecia with uni-
ovulate locules. In at least some tropical representatives 
(Chrysophyllum iturense EngJ.) of the species sensu lato, the 
fruits contain five seeds (Engler 1914). In southern African 
plants, one ovule occurs in every locule, but there is a strong 
trend towards unispermy and a shift from actinomorphy to 
zygomorphy in the gynoecia of the fruit. According to 
Harper et al. (1970), seed numbers and seed size represent 
alternative strategies in the distribution of reproductive 
resources and seed size involves a compromise with seed 
numbers. If the production of large seeds has selective 
advantage, as will be argued later, extra seeds may be 
eliminated and the development of large pericarp sectors 
curtailed at an early stage, before many resources have been 
invested in their development. During early fruit growth the 
excessive carpels become incorporated into and form an 
integral part of the further organization of the pericarp. All 
resources supplied to the gynoecia are redistributed to the 
single seed and its protective covering, the pericarp. In B. 
magalismontanum this protective covering has a singularly 
uncomplicated developmental structure, even for a berry 
that, according to Roth (1977), represents the most 
elementary of fleshy fruits. The external mesocarp tissue 
remains entirely parenchymatous, with no subexodermal, 
multilayered formation of sclerified and suberized tissues as 
reported for a tropical representative of the species, 
Chrysophyllum iturense (Engler 1914), as well as for 
Mimusops elengi L. (Bhatnagar & Gupta 1970), Achras 
sapota L. (Roth & Lindorf 1972) and M. hexandra (Roxb.) 
Dub. (Jindal & Paliwal 1979). 
Conclusions 
We propose that as part of an economic strategy in the harsh 
environment of southern Africa, there has been selection for 
single-seeded fruits in B. magalismontanum. By reducing 
the number of seeds per fruit (seed number/seed size com-
promise), the evolutionary objective of large seeds contain-
ing large embryos with cotyledons replete with easily 
accessible nutrients, are obtained. These characteristics 
probably increase the speed and efficiency of germination 
and the vigor of the seedling as is known to occur in other 
species (Stebbins 1974 and references therein). Increased 
seed size would, in addition, provide the seedling with the 
capability of growing in a more shaded habitat (Tiffney 
1984). The seeds of this species are recalcitrant and lose 
their viability within a month of dispersal (Robbertse, 
unpubJ. data). Favourable microsites for seedling estab-
lishment are possibly provided by the rock crevices with 
which adult plants are always associated (Steyn & Robbert-
se 1988). As no selection against early flowering dates has 
occurred in this species, fruits are dispersed in January, 
allowing seedlings to become established in late summer 
and fall, before the dry winter commences. Speedy germina-
tion and vigorous seedlings represent characteristics that 
would have strong adaptive value in these seasonal environ-
ments. 
S.-Afr.Tydsla.Plantk.,1992,58(1) 
Acknowledgements 
We are indebted to the Foundation for Research Develop-
ment and the University of Pretoria for financial aid. We 
thank Mr D.H. Dry and Mr D. Strydom of the Pretoria 
National Botanical Gardens for assisting in many ways at 
the study sites. 
References 
BAEHNI, C. 1965. Memoires sur les Sapotacees. III. Inventaire 
des genres. Boissiera 11 : 1 - 262. 
BHATNAGAR, S.P. & GUPTA, M. 1970. Morphology and 
embryology of Mimusops elengi L. Bot. Notiser 123: 455 -
473. 
BOUMAN, F. 1984. The Ovule. In: Embryology of Angiosperms, 
ed. B.M. Johri, Springer-Verlag, New York. 
CHARLESWORTH, D. 1989. Why do plants produce so many 
more ovules than seeds? Nature 338: 21 - 22. 
COLLINS, B.A. & MacNICHOL, E.F. Jun. 1978. Long term fixa-
tion for histological studies. Microsc. Acta 81(2): 155 - 158. 
COOMBE, B.G. 1976. The development of fleshy fruits. Ann. 
Rev. PI. Physiol. 27: 207 - 228. 
CORNER, E.J.H. 1954. The Durian theory extended. Part 3. 
Pachycauly and megaspermy. Conclusion. Phytomorphology 4: 
263 - 274. 
ENGLER, A. 1890. Sapotaceae. In: Die natuerlichen Pflanzen· 
familien nebst ihren Gattungen und wichtigeren Arten ins-
besonders der Nutzpflanzen, eds. A. Engler & K. Prantl, Part 
IV, sect. 1: 126 - 153. 
ENGLER, A. 1914. Sapotaceae. In: Wissenschaftliche Ergebnisse 
der Deutschen Zentral-Afrika Expedition 1907 - 1908, ed. J. 
Mildbraed, Vol. 2, pp. 521, T. 71, Figs. A-D. 
HARPER, J.L., LOVELL, P.H. & MOORE, K.G. 1970. The 
shapes and sizes of seeds. Ann. Rev. Ecol. Syst. 1: 327 - 356. 
HEINE, H. & HEMSLEY, J.H . 1960. Notes on African Sapota-
ceae. II. The genus Bequaertiodendron de Wild. Kew Bull. 14: 
304 - 309. 
TINDAL, A. & PALIWAL, G.S. 1979. Mimusops fruit: its growth 
and developmental anatomy. Indian l. Hort . 36: 449 - 453. 
KUPICHA, F.K. 1983. Sapataceae. In: Flora Zambesiaca, ed. E. 
Launert, Vol. 7, pp. 210 - 245. 
LIDEN, L. 1989. La veritable identite des genres et especes 
confundus sous Ie nom de • Bequaertiodendron magalismonta· 
num' (Sond.) Heine & Hemsl. (Sapotaceae) en Afrique centrale 
et occidentale. Bull. lard. Bot. Nat. Belg. 59: 151 - 169. 
MEEUSE, A.DJ. 1963. Sapotaceae. In: Flora of southern Africa, 
Vol. 26, pp. 31 - 53, Botanical Research Institute, Pretoria. 
MUELLER, W.C. & GREENWOOD, A.D. 1977. The ultra-
structure of phenolic cells fixed with caffeine. l. Expl. Bot. 29: 
757 - 764. 
MULCAHY, D.L. 1979. The rise of the angiosperms: a geneco· 
logical factor. Science 206: 20 - 23. 
MURRA Y, R.D. 1988. Nutrition of the Angiosperm Embryo. 
Wiley, New York. 
MURTHY, S.N. 1941. Morphological studies in the Sapotaceae. I. 
Embryology of Bassia lati/olia Roxb. and related genera. 1. 
Mysore Univ. 2: 67 - 80. 
ROTH, 1. 1977. Fruits of Angiosperms . Borntraeger, Berlin. 
ROTH,1. & LINDORF, H. 1972. Anatomia y desarolla del fruto y 
de la semilla de Achras sapota L. (nispero). Acta Bot. Vene · 
zuel . 7: 121 - 141. 
SCHMID, R. 1982. Descriptors used to indicate abundance and 
frequency in ecology and systematics. Taxon 31: 89 - 94. 
SCHMID, R. 1986. On Cornerian and other terminology of angio-
spermous and gymnospermous seed coats: historical perspec-
tive and terminological recommendations. Taxon 35: 476 -
491. 
S.Afr.J.Bot., 1992,58(1) 
SCHMITI, J. 1983. Individual flowering phenology, plant size, 
and reproductive success in Linanthus androsaceus, a Cali-
fornian annual. Oecologia 59: 135 - 140. 
SEDGLEY, M. & GRIFFEN, A.R. 1989. Sexual Reproduction of 
Tree Crops. Academic Press, New York. 
STEBBINS, G.L. 1974. Flowering Plants. Evolution above the 
Species Level. Belknap Press, Cambridge, Massachusetts. 
STEYN, E.M.A. & ROBBERTSE, P.J. 1988. Flower production 
and sexuality in Bequaertiodendron magalismonlanum. S. 
Afr. J. Bot. 54: 481 - 486. 
STEYN, E.M.A. & ROBBERTSE, PJ. 1990a. Fruit production in 
a morphologically gynodioecious population of Bequaertioden-
dron magalismontanum. S. Afr. J. Bot. 56: 6 - 10. 
31 
STEYN, E.M.A. & ROBBERTSE, P.J. 1990b. Macromorpho-
logical floral characters in Bequaertiodendron magalismon-
tanum: possible taxonomic significance. S. Afr. J. Bot. 56: 
440 - 442. 
STEYN, E.M.A., ROBBERTSE, P.J. & COETZER, L.A. 1991. 
Intra-ovarian trichomes in Bequaertiodendron magalismon-
tanum: location, origin, structure and possible function in the 
reproductive process. S. Afr. J. Bot. 57: 191 - 197. 
SUTHERLAND, S. 1986. Patterns of fruit-set: what controls 
fruit:flower ratios in plants? Evolution 40: 117 - 128. 
TIFFNEY, B.H. 1984. Seed size, dispersal syndromes, and the rise 
of the angiosperms: evidence and hypothesis. Ann. Mo. bot. 
Gdn. 71: 551 - 576. 
